The changes in dipstick proteinuria were an independent predictor of ESRD in the general population. This manuscript measures a large population of CKD with proteinuria in Japan. Changes and increase in proteinuria over 2 years may be appropriate for the risk prediction of ESRD.
independent of renal function and other risk factors. 4, 5 In addition to one time measurement, the changes in proteinuria were also associated with the risk of renal and cardiovascular outcome in observational and interventional studies of diabetic and hypertensive kidney disease, IgA nephropathy, and subjects with cardiovascular disease. [6] [7] [8] [9] [10] [11] [12] [13] There are few studies that accessed the relationship between the changes in proteinuria and the risk of ESRD in the general population. 14 Also little is known whether any difference exists among different durations to observe the changes in proteinuria for risk prediction. Here we present the study that evaluated the changes in dipstick proteinuria and the risk of ESRD in the general population using the data of health check-up in Okinawa, Japan. We also examined the ability to predict ESRD by different durations between two measurements to observe changes in proteinuria.
MATERIALS AND METHODS

Study population
The study population comprised a total 69 727 subjects aged ≥20 years who participated in the 1993 and at least once during 1994 through 1996 health check-ups by the Okinawa General Health Maintenance Association (currently Okinawa Health Promotion Foundation) in Okinawa, Japan. 15, 16 Four-hundred and eight participants without baseline body mass index and serum total cholesterol, 22 subjects without urine test, systolic blood pressure (SBP), diastolic blood pressure (DBP), and serum at baseline and at least once during a 1-3-year observation period, and 276 subjects with outlier values were excluded. The remaining 69 021 were the final study subjects. The protocol of this study was approved by the ethics committee of the Japanese Society of Nephrology (No. 35).
Risk factors
Dipstick urinalysis was performed in fresh urine. Proteinuria was categorized to (À), (±), (1+), (2+), (3+), and (4+), and the changes in proteinuria was defined by the difference in levels between two measurements. Blood pressure was measured by standard mercury sphygmomanometer in the sitting position. Creatinine was measured by the Jaffe method and converted to enzymatic method. 17 Estimated glomerular filtration rate (eGFR) was calculated by the Japanese Nephrology Society equation. 18 47 767 subjects had baseline data of fasting blood sugar (FBS).
Outcome
Subjects who developed ESRD were identified by using the Okinawa Dialysis Study (OKIDS) Registry. The ESRD cases were subjects who started chronic dialysis between the last health check-up and the end of 2011. The start date of chronic dialysis was used as the date of onset of ESRD.
Statistical analysis
The linear trends of risk factors were calculated using linear regression for continuous variables and logistic regression for categorical variables. We drew Kaplan-Meier failure curve and used Log-rank test to compare the cumulative incidence of ESRD by proteinuria level at baseline and changes during the observation period by groups of subject as follows: for baseline proteinuria level (À), no change, 1 level increase, 2 level increase, and ≥3 level increase; for baseline proteinuria (±), 1 level decrease, no change, 1 level increase, and ≥2 level increase; for baseline proteinuria ≥(1+), ≥1 level decrease, no change, 1 level increase, and ≥2 level increase. The multivariable-adjusted hazard ratios (HRs) with their 95% confidence intervals (CIs) according to proteinuria level at baseline and second measurements were estimated using Cox proportional hazards model, adjusted for age, sex, SBP, DBP, body mass index, serum total cholesterol, eGFR, changes in SBP, DBP, and eGFR during observation period. We estimated the HRs in three groups for each baseline proteinuria according to their changes in proteinuria level as follows: for baseline proteinuria (À), no change, 1 level increase, and ≥2 level increase; for baseline proteinuria ≥(±), decrease, no change, and increase. The age-and sex-adjusted incidence rate of ESRD according to changes in proteinuria level over 2 years was calculated by a person-year method using direct method with 10-year age and sex group of the overall study population. HRs and 95% CIs for changes in proteinuria level over 2 years were estimated using stratified Cox proportional hazards model by baseline proteinuria, adjusted for age, sex, SBP, DBP, body mass index, serum total cholesterol, eGFR, changes in SBP, DBP, and eGFR over 2 years. Subgroup analysis of multivariable-adjusted HRs of ESRD for every 1-level increment in proteinuria over 2 years was performed by dividing the subjects by age, sex, and using the definition of hypertension, diabetes mellitus, and CKD. [19] [20] [21] Heterogeneity between changes in proteinuria level over 1, 2, or 3 years and HRs of ESRD among baseline proteinuria, and of HRs of ESRD for every 1-level increment in proteinuria over 2 years among subgroups was tested by adding a multiplicative interaction term in the model. We calculated the sensitivity and specificity of ≥1 level increase in proteinuria during observation period for ESRD prediction. We drew receiver operating characteristic (ROC) curves to compare the ability to predict ESRD using continuous variables of increase in proteinuria level during the observation period, categorizing the subjects with decrease or no change as 0. 22 We performed sensitivity analysis using the subjects with baseline FBS. To examine the HRs for decreasing changes in proteinuria level, we estimated the multivariable-adjusted HRs for changes in proteinuria level during a 2-year period using participants with baseline proteinuria ≥(±). All the analyses performed using STATA 12.1 (StataCorp, TX, USA). Two-tailed P < 0.05 were considered statistically significant.
RESULTS
The number of subjects with proteinuria level measured at 1, 2, and 3 years from the baseline were 54 959, 52 758, and 49 685, and the mean follow-up period for incident ESRD after second measurements were 17.3, 16.3, and 15.3 years, respectively (Fig. S1 ). The mean age of the total subjects was 56 years old and the prevalence of males was 43.0% (Table 1 ). The number of subjects with baseline proteinuria (±) was 1666 (2.4%), (1+) was 727 (1.1%), and ≥(2+) was 106 (0.2%). Age, SBP, DBP, body mass index, FBS, serum total cholesterol, and percentage of male were higher, and eGFR were lower for subjects with higher proteinuria level (all P for trend <0.001). Changes in DBP during observation period of 1, 2, and 3 years were significantly larger with higher baseline proteinuria (P = 0.017, P < 0.001, and P < 0.001, respectively). Changes in eGFR during 2 and 3 years of observation were larger with higher baseline proteinuria (P = 0.020 and P < 0.001, respectively). Age, systolic and diastolic blood pressures, body mass index, serum total cholesterol, fasting blood sugar, eGFR, changes in systolic and diastolic blood pressures, and eGFR are means (SD). eGFR, estimated glomerular filtration rate; SD, standard deviation. Table 2 Number of subjects (%) and incident end-stage renal disease cases according to proteinuria level at baseline and 1, 2, and 3 years (n = 69021)
Baseline proteinuria The total number of subjects who had changes in proteinuria level during the observation period of 1, 2, and 3 years were 5278 (9.6%), 4944 (9.4%), and 5174 (10.4%), and the number of subjects who developed ESRD during the follow-up period were 316 (0.6%), 290 (0.6%), and 268 (0.6%), respectively ( Table 2) .
Compared to subjects with baseline proteinuria (À) and no change over 2 years, those with 1 level increase [(±)], 2 level increase [(1+)], and ≥3 level increase [(2+)(3+)(4+)] had significantly higher cumulative incidence of ESRD (all Log-rank test P < 0.001) (Fig. 1 ). For subjects with baseline proteinuria (±), those decreased to (À) had significantly lower, and those with ≥2 level increase [(2+)(3+)(4+)] had significantly higher cumulative incidence of ESRD compared to subjects with no change (Log-rank test P = 0.025 and P < 0.001, respectively). Subjects with baseline proteinuria
and ≥2 level increase [(1+) → (3+)(4+), (2+) → (4+)] had significantly higher cumulative incidence of ESRD compared to no change (Log-rank test: ≥1 level decrease, P = 0.016; 1 level increase, P = 0.026; ≥2 level increase, P < 0.001). The Kaplan-Meier curves of observation periods of 1 or 3 years were similar to 2 years ( Fig. 2 and 3) . However, for baseline proteinuria ≥(1+), there was no significant difference for subjects with ≥1 level decrease [(1+) → (À)(±), (2+) → (À)(±)(1 +), (3+) → (À)(±)(1+)(2+)] during 1 year (Log-rank test P = 0.47) or 3 years of observation (Log-rank test P = 0.12) compared to subjects with no change.
Baseline SBP, DBP, and eGFR were significantly higher with increasing change in proteinuria level regardless of baseline proteinuria for observation period of 2 years (Table S2) . Changes in SBP and DBP over 2 years were larger with increasing change in proteinuria level for subjects with baseline proteinuria (À) and (±) (all P for trend <0.001), but not for subjects with baseline proteinuria ≥(1+). Changes in eGFR over 2 years were larger with increasing change in proteinuria level in all baseline proteinuria. A similar association was observed for 1-and 3-year observations (Tables S1 and S3) . Table 3 is the HRs of ESRD according to proteinuria level at baseline and second measurement compared to subjects with baseline proteinuria (À) with no change, adjusted for age, sex, SBP, DBP, body mass index, serum total cholesterol, eGFR, changes in SBP, DBP, and eGFR during observation period. The HRs were comparable among observation periods of 1, 2, and 3 years, and HRs became higher with higher proteinuria level at second measurement in each baseline proteinuria. The interaction between baseline and changes in proteinuria level for HRs of ESRD were significant in observation period of 1 and 3 years (P for interaction <0.001 and =0.002), but not for 2 years (P for interaction =0.25).
We estimated the multivariable-adjusted HRs according to change in proteinuria level over 2 years (Table 4) . Multivariable-adjusted HRs (95% CI) of subjects became higher with increase in change in proteinuria level. Adjusted for age, sex, systolic and diastolic blood pressures, body mass index, serum total cholesterol, eGFR, changes in systolic and diastolic blood pressures, and eGFR over 2 years.
The overall HRs of ESRD for every 1-level increment in proteinuria over 2 years was 2.22 (95% CI: 1.98, 2.50), and there were no significant difference between sex, DBP <90 mmHg and ≥90 mmHg, eGFR <60 mL/min per 1.73m 2 and ≥60 mL/min per 1.73m 2 , or among proteinuria (À), (±), and ≥(1+) (Fig. 4) . Heterogeneity of HRs for every 1-level increment in proteinuria level existed between subjects with age < 65 years and ≥65 years (p for interaction =0.001), SBP <140 mmHg and ≥140 mmHg (P for interaction <0.001), and FBS <126 mg/dL and ≥126 mg/dL (P for interaction =0.010), but the HRs of each subgroups were all significant.
We calculated the sensitivity and specificity for prediction of ESRD for ≥1 level increase in proteinuria by each observation period. The sensitivity became higher from 1 year of observation (37.3%) to 2 years of observation (62.8%), and remained at the same level for 3 years of observation (63.1%), but the specificity was similar among three observation periods (92.1%, 92.1%, and 91.1%, respectively). The area under the ROC curve (AUC) (95%CI) for prediction of ESRD by increase in proteinuria level during observation period of 1 year became higher for 2 years (P = 0.001), and did not change for 3 years (P = 0.81).
Sensitivity analysis by 47 767 subjects with FBS was performed. Baseline FBS became higher with increase in proteinuria level in subjects with baseline proteinuria (À) for observation period of 1, 2, and 3 years (all P for trend <0.001), but there was no significant trend for subjects with baseline proteinuria (±) and ≥(1+) ( Table S4) . Adjusted for the above-stated confounding factors and FBS, the multivariable-adjusted HRs according to proteinuria level at baseline and 1, 2, or 3 year remained substantially unchanged (Table S5) . We estimated the multivariable-adjusted HRs for change in proteinuria level during 2 years compared to no change using subjects with baseline proteinuria ≥(±) to evaluate the risk for decrease in proteinuria (Table S6) . Multivariable-adjusted HRs with or without further adjustment for FBS became significantly higher from subjects with ≥2 level decrease to ≥2 level increase in proteinuria (both P for trend <0.001). We also performed sensitivity analysis with unified follow-up period of 15 years for each observation period, but the result did not change substantially (data not shown). Table 4 Age-and sex-adjusted incidence (per 1000 person-years) and multivariable-adjusted hazard ratios of end-stage renal disease according to change in proteinuria level during 2-year (n = 52758) Change in proteinuria level during 2-year P for trend
(n = 613) (n = 47814) (n = 2810) (n = 1163) (n = 315) (n = 43) Adjusted for age, sex, systolic and diastolic blood pressures, body mass index, serum total cholesterol, eGFR, changes in systolic and diastolic blood pressures, and eGFR during 2-year. CI, confidence interval; eGFR, estimated glomerular filtration rate; HR, hazard ratio. Cumulative prevalence indicates change of this level or greater. Fig. 4 Multivariable-adjusted hazard ratios of end-stage renal disease for every 1 level increment in proteinuria during 2-year by subgroup. Adjusted for sex, age, systolic and diastolic blood pressures, body mass index, serum total cholesterol, eGFR, changes in systolic and diastolic blood pressures, and eGFR during 2-year. CI, confidence interval; DBP, diastolic blood pressure; eGFR, estimated glomerular filtration rate; ESRD, end-stage renal disease; FBS, fasting blood sugar; SBP, systolic blood pressure.
DISCUSSION
Using data from health check ups of the general population, we have shown that an increase in dipstick proteinuria during the 1-to 3-year observation periods was associated with higher risk of ESRD independent of confounding factors at baseline and changes during the observation period. The predictive ability of ESRD was higher in the observation period for change in proteinuria of 2 years compared to 1 year, but there was no significant difference between 2 and 3 years. Also, heterogeneity existed between changes in proteinuria level and the risk of ESRD among baseline proteinuria for the observation periods of 1 and 3 years, but not for 2 years. To the best of our knowledge, this is the first study to evaluate changes in dipstick proteinuria and the risk of ESRD in the general population. Also, this is the first study that examined the duration of an observation period for changes in proteinuria and the ability to predict the outcome. Changes in proteinuria have been suggested as a surrogate outcome for kidney disease progression. 23 There have been studies that examined the relationship between the magnitude of change and the outcome, but few studies examined the association between duration of change in proteinuria and the risk of outcome. 14 In our study, significant interaction between baseline and changes in proteinuria for HRs of ESRD existed for observation periods of 1 and 3 years, which means that the HRs for increase in proteinuria level are different among baseline proteinuria. Since the interaction was not significant for 2 years, we can estimate that the HRs of ESRD according to changes in proteinuria level regardless of baseline proteinuria. Considering the predictive ability of change in proteinuria and heterogeneity between changes in proteinuria level and the risk of ESRD among baseline proteinuria, changes in proteinuria during an observation period of 2 years may be appropriate for risk prediction of ESRD. There were few observational studies with a large number of subjects that reported the association between the changes in proteinuria or albuminuria and renal outcomes. A total of 983 Pima Indians with type 2 diabetes had two albumin/ creatinine ratio (ACR) measurements by means of 2.4 years and were followed for a median of 8.4 years after the second measurement. 6 Each doubling in the second ACR was associated with a 1.71-fold increase of incident ESRD after adjustment for confounding factors. A health care utilization cohort from Stockholm, Sweden, Stockholm CREAtinine Measurements (SCREAM) project followed 31 732 subjects for a median of 3 years. 14 Compared to stable ACR, a fourfold increase in ACR was associated with a 3.08-times higher, and a fourfold decrease in ACR was associated with a 0.34-times lower risk of ESRD. Many clinical trials for type 2 diabetes, 7-10 vascular disease or high-risk diabetes 11 have shown that the reduction in albuminuria was associated with reduction in renal risk. A total of 810 African Americans with hypertensive renal disease were followed up for a median of 3.8 years, and the relationship between the changes in proteinuria and the risk of ESRD were examined in The African American Study of Kidney Disease (AASK), and the changes in proteinuria from baseline to 6 month were associated with the risk of ESRD.
12
Meta-analysis using 830 individual patient data of IgA nephropathy from 11 randomized trials examined the association between proteinuria reduction in median of 9 months and composite outcome of doubling of serum creatinine level, ESRD, or death. 13 Reduction in proteinuria was associated with lower risk, and was consistent across studies. In our study, HRs for increase in proteinuria level was significantly lower for subjects with high SBP and high FBS, but all the HRs were significant. Changes in proteinuria were a significant risk factor of ESRD regardless of age, sex, and comorbidities. Albumin is the predominant protein filtered through glomerular membrane, and it is retrieved by proximal tubule. 24 Either structural or functional alteration of glomerular filtration barrier or dysfunction of proximal tubule may cause proteinuria. The mechanism of kidney injury induced by proteinuria, which may lead to ESRD, was examined by clinical and experimental studies. Kidney nephrectomized from children with congenital nephrotic syndrome of the Finnish type, which is characterized by constant heavy proteinuria from birth, had interstitial inflammation and fibrosis. 25 Proteinuria induced apoptosis in proximal tubular cells and dysfunctional autophagy in the proximal tubule, which resulted in the accumulation of intracellular proteins. 26, 27 Albuminuria impaired renal tubular tight junctions and induced a proinflammatory and profibrotic response in cortical collecting duct. 28, 29 In our study, the ability to predict ESRD for increase in proteinuria during an observation period of 1 year became higher for 2 years, with no further improvement by one more year prolongation to 3 years. This may be because effects to kidney tissues caused by proteinuria may need a certain amount of time to develop renal injury. Heterogeneity existed between 1-and 3-year changes in proteinuria level and the risk of ESRD among baseline proteinuria, but not between 2 years. One year may not be enough to cause kidney tissue change by increase in proteinuria for subjects without damage, while subjects with impaired kidney may easily progress in a shorter time. An observation period of 3 years may have increased competing risks such as death, which may have a stronger effect on older or advanced kidney disease subjects. Further basic and clinical studies are warranted to elucidate the pathogenic mechanisms of the contribution of proteinuria for CKD progression and ESRD. The strengths of our study are large numbers of study subjects and long duration of follow-up. The limitations are a lack of information about comorbidities or medication and data for competing risks such as death.
In conclusion, the changes in dipstick proteinuria were an independent predictor of ESRD in the general population. The risk of ESRD according to the proteinuria level at baseline and Changes in proteinuria and ESRD second measurement was comparable among different observation periods, but there was heterogeneity between changes in proteinuria level and the risk of ESRD among baseline proteinuria for the 1-and 3-year observation periods, but not for 2 years. Compared to changes in proteinuria over 1 year, the ability to predict ESRD was higher for changes over 2 years and no difference was made by prolongation of observation for one more year to 3 years. For risk prediction of ESRD, changes in proteinuria during a 2-year observation period may be appropriate. Table S1 . Baseline and changes in blood pressures and estimated glomerular filtration rate according to proteinuria level at baseline and change over 1 year (n = 54 959). Table S2 . Baseline and changes in blood pressures and estimated glomerular filtration rate according to proteinuria level at baseline and change over 2 year (n = 52 758). Table S3 . Baseline and changes in blood pressures and estimated glomerular filtration rate according to proteinuria level at baseline and change over 3 year (n = 49 685). Table S4 . Baseline fasting blood sugar according to proteinuria level at baseline and change over 1, 2, and 3 years (n = 47767). Table S5 . Multivariable-adjusted hazard ratios of end-stage renal disease according to proteinuria level at baseline level and 1, 2, and 3 years by subjects with baseline fasting blood sugar (n = 47 767). Table S6 . Multivariable-adjusted hazard ratios according to change in proteinuria over 2 years by subjects with baseline proteinuria (±) or higher (n = 1827). Figure S1 . Number of study subjects and follow-up period. Figure S2 . Receiver operating characteristic curves for prediction of end-stage renal disease by increase in proteinuria level.
